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Abstract

The evaluation and selection of suppliers is a crucial issue in supply
chain management. This problem has grown increasingly uncertain
due to the influence of imprecise parameters, and various tools have
been proposed for weighting criteria and evaluating supplier scores for
each criterion. Neutrosophic numbers, a modern tool for handling
uncertainty, ambiguity, and inconsistency, are introduced to tackle
such challenges. As the most comprehensive form of non-classical
logic after fuzzy and intuitionistic fuzzy logic, Neutrosophic logic
assigns degrees of membership, non-membership, and hesitation
independently between zero and one. In this research, the quality
function deployment (QFD) technique is developed in a Neutrosophic
environment to identify and weigh supplier evaluation criteria.
Additionally, the Neutrosophic EDAS approach is proposed for
selecting top suppliers. A numerical study of the pharmaceutical
industry demonstrates that geographical location and supplier
experience are the two most critical criteria, and the second supplier is
chosen as the best.
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Introduction

In today’s highly competitive business environment, where customer
demands are increasingly diverse and uncertain, supply chain agility is
critical for timely and effective responses. The performance of
suppliers directly influences a supply chain’s success. For example,
timely delivery requires agile suppliers, while high-quality production
depends on quality suppliers. Evaluating and selecting the right
suppliers is a crucial factor in supply chain success, and recent
research has increasingly focused on this issue. Organizations can
enhance their competitive advantage by carefully evaluating and
selecting suppliers based on strategic objectives.

This research identifies supplier evaluation criteria from a
customer perspective using the QFD technique, which translates
customer needs into product functions. A complementary ranking
approach, the Evaluation Based on Distance from Average Solution
(EDAS), is applied for supplier ranking. These techniques are
employed in a Neutrosophic environment, which addresses the
uncertainty inherent in the supplier evaluation process. Neutrosophic
logic accounts for ambiguity by integrating membership, non-
membership, and hesitation degrees, thus offering a comprehensive
way to handle uncertainty.

Few studies have used QFD to weigh supplier evaluation criteria,
and even fewer have incorporated Neutrosophic logic. No previous
research has combined QFD and EDAS for supplier evaluation in a
Neutrosophic context. This research fills that gap by introducing an
innovative integrated methodology.

Research Background

This section gives a brief literature review of the most pertinent
research in the field. Abdelbaset et al. (2019) presented a TOPSIS
method in a Neutrosophic context for smart medical equipment
selection. Nabeeh et al. (2019) used Neutrosophic AHP and TOPSIS
for evaluating employees in organizations. Yazdani et al. (2021)
employed interval Neutrosophic fuzzy numbers for supplier
evaluation, with a focus on stability as a key indicator. Recent
research by Alzahrani et al. (2023) applied Neutrosophic AHP for
women's university location selection, using TOPSIS and COPRAS
methods for evaluating alternatives. Adali et al. (2023) explored
technology forecasting using correlation methods in a Neutrosophic
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context. Wang et al. (2023) introduced second-type Neutrosophic
numbers for green supplier selection, highlighting a new distance
criterion. Gorgun et al. (2023) applied bi-polar Neutrosophic methods
to evaluate logistics service providers, using Delphi for criteria
weighting and TOPSIS for evaluation. This research extends these
works by combining QFD and EDAS in a Neutrosophic environment,
an unexplored approach in supplier evaluation.

Theoritical Foundations

Neutrosophic numbers differ from fuzzy numbers in that they include
a third dimension—hesitation—alongside membership and non-
membership. Unlike fuzzy logic, where the sum of membership and
non-membership is one, Neutrosophic logic assigns degrees to all
three components independently, offering greater flexibility. The QFD
technique is widely used for transforming customer demands into
product design specifications, following a structured “what” and
“how” approach. EDAS, a recent multi-criteria decision-making
method, ranks options by considering their distance from the mean
solution, making it well-suited for Neutrosophic conditions.

Proposed Method

This section presents the proposed integrated methods of QFD and
EDAS and their calculations in the Neutrosophic condition. The
integrated methodology in this research combines QFD and EDAS
within a Neutrosophic framework. QFD is applied to identify supplier
evaluation criteria from customer perspectives, which are then
weighted using Neutrosophic logic. EDAS ranks the suppliers based
on these weighted criteria, considering uncertainty and ambiguity in
decision-making. The two methods are seamlessly combined to handle
both qualitative and quantitative factors in supplier evaluation.
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Case study
A pharmaceutical company serves as the case study for this research.
The company produces various drugs and complies with stringent
regulations related to drug production, testing, and marketing, which
impacts supplier selection. The company’s suppliers provide critical
raw materials for drug production, and the combined QFD-EDAS
method is used in a Neutrosophic environment to evaluate and select
these suppliers. The study identifies five key supplier evaluation
criteria based on customer needs:

Quality: The quality of the final drug product, influenced by the
raw material quality.

Cost: Focuses on price stability in raw material procurement.

Location: The geographical location of the supplier, with closer
proximity generally preferred.
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Price: The final price of the product offered to customers, with
lower prices being preferable.

Delivery: The time taken for the product to reach the customer,
where shorter times are better.

Conclusions

This research presented a novel combined QFD-EDAS approach to
supplier evaluation and selection under Neutrosophic conditions.
Using QFD, customer requirements were translated into supplier
evaluation criteria, and EDAS was employed to rank suppliers. The
Neutrosophic framework allows for greater flexibility in addressing
uncertainty, providing decision-makers with a robust method for
handling ambiguous information. The pharmaceutical industry case
study demonstrated the practical application and effectiveness of this
approach, highlighting the importance of geographical location and
supplier experience as key factors. This study is among the first to
apply Neutrosophic logic to supply chain evaluation systems, offering
valuable insights for future research.

Keywords: Supply Chain Management, Supplier Evaluation and
Selection, Quality Function Deployment, EDAS, Neutrosophic
Numbers.
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